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1. INTRODUCTION
In the ield of the recognition of fakes in jewellery, the 
laboratory An.te.a. deals with the typical patinas of archaeo-
logical jewellery. In general, such objects can be recognized 
by four typical patinas:
Natural patinas due to the contact of the jewellery with 
earth, water or air.
Non-intentional patinas from contact with substances 
associated with the life of the jewellery (blood, perfume, 
etc.).
Restoration patinas (due to the process of cleaning).
Artiicial patinas with the aim of forgery.
he major part of jewellery patinas are caused by liqua-
tion and alteration of the copper and silver contained in the 
alloy and/or supericial deposits of corrosive products, soil, 
or decomposed organic material. Rarely, in particular condi-
tions related to the position in which the object is deposited, 
alterations to the gold itself can also be veriied, caused by 
the formation of gold cyanide or complex compounds with 
chlorine, (Grimwade, 1999; Mazzeo, 2005) which result in 
an orangey-brown patina. he colours and efects of ancient 
jewellery patinas have always been the subject of imitation 
on the part of the jewellers who, in various eras, have tried to 
reproduce archaeological jewellery. In order to better identify 
these artiicial patinas, we carried out a reproduction of pati-
nation via chemical processes on some gold samples, based on 
old laboratory recipes. he results were then submitted to an 
SEM-EDS analysis by Daniela Ferro at the Institute for the 
Study of Nanostructured Materials (CNR-ISMN) in Rome.
2. EXPERIMENTATION
he samples were made up of sheets 1 cm wide and 0.1 
mm thick, obtained by hammering (M) and by a rolling 
mill (L). hree types of alloys similar to the ancient ones 
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have been used: Alloy A = Au 95%, Ag 4%, Cu 1% ; Alloy 
B = Au 93%, Ag 5%, Cu 2%; Alloy C = Au 90%, Ag 7%, 
Cu 3%. he samples are classiied by: letter of the alloy (A, 
B or C), type of work (M or L), and identiication number 
(1, 2 or 3).
Some gold samples have been buried for 30 days at 16 °C 
in soil rich in organic substances, moistened with water, 
ammonia and blood, and submitted every seven days to a 
heat of 100 °C for an hour. At the end of the 30 days period, 
only one sample presented a supericial change with small 
red spots, and part of the surfaces had a dark yellow colour. 
A very intense colouring of the surface of sample CM2 was 
caused by pickling in a boiling solution of iron sulphate, 
ammonium chloride, sodium thiosulphate and potassium 
bitartrate in distilled water. he sample was subsequently 
heated over a lame, resulting in a toning down of the 
bright colours (Fig. 1). Sample AM1 was painted with a red 
iron oxide suspension in distilled water, lightly heated over 
a lame, and then cooled in water (Fig. 2). Sample BM3 
was painted with an iron sulphate suspension in distilled 
water, heated to red by a lame and cooled in water, and 
then brushed (Fig. 3).
Colouring is a process that can be performed on jewellery 
items with the purpose of forgery, by pickling, which dis-
solves the less precious metals on the surface of the jewellery, 
leaving a few microns of thickness of pure gold. Classical 
pickling is carried out with a watery solution of sodium 
chloride, potassium nitrate and alum, but there are also very 
ancient recipes (for example No. 67 of the Leiden Papyrus – 
Cafaro and Falanga, 2004) for colouring jewellery. Sample 
BL1 was immersed for a few seconds in a solution of boiling 
water, hydrochloric acid, saltpetre and sodium chloride, in 
order to obtain the typical opaque surface and light corro-
sion associated with antique jewellery.
Around the middle of the 19th century, the archaeological 
jewellery of Castellani was coloured by using chemical baths 
Figure 1: (See colour plate) Sample CM2.
Figure 1 : (Voir planche couleur) Échantillon CM2.
Figure 2: (See colour plate) Sample AM1.
Figure 2 : (Voir planche couleur) Échantillon AM1.
Figure 3: (See colour plate) Sample BM3.
Figure 3 : (Voir planche couleur) Échantillon BM3.
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to obtain the famous “giallone” of Etruscan gold (Castellani, 
1827: 161-164), also employed in this case as a treatment 
to enrich the surface with a chemical gilding. he colouring 
was caused by dissolving the metal alloys on surfaces, or it 
could also be carried out (better on low carat gold, as in the 
case of tumbaga) by boiling the article in an acid vegetable 
juice, such as that of the plant Rumex acetosa, or in a solu-
tion of salt and vinegar. he colourings, in archaeological 
fakes, serve above all to uniform the colour of the surface, 
hiding the eventual brazing made with alloys richer in silver, 
and thus the resulting lighter colour. 
he soil deposits often present in antique jewellery are 
imitated by using a very ine clay mixed with resin or veg-
etable paste, easily recognizable by the uniform distribution 
on the precious piece and its light consistency.
3.  RESULTS OF THE ANALYSIS  
ON SAMPLES AM1 AND BM3
AM1
he surface observed by SEM using backscattered elec-
trons highlights a structure with well formed crystal grains 
with a darker inter-granulated area. he subsequent EDS 
microanalysis carried out on the areas indicated in the illus-
tration (Fig. 4) revealed the values of the elements reported 
in Table 1. In area No. 1, the composition corresponds to 
the initial alloy, while in the inter-granulated area there is 
evidence of a decrease of silver and copper, and of the simul-
taneous formation of ferrous composites. he other minor 
elements are the ochre components and the other products 
used in the experimental procedure.
A part of the qualitative spectrum highlights the iron peak, 
while the other elements of ochre are a little more higher than 
the background; this observation could allow us to put forth 
the hypothesis of the formation of the ferric oxide as being 
responsible for the rose colouring of the patina (Fig. 5).
BM3
he supericial morphology highlights a rough aspect, almost 
spongy, with some formation of crystals. he EDS analysis on 
the area indicates a square igure, elaborate in respect of the 
single elements of the golden alloy, revealing an impoverish-
ment only of the silver, probably due to the formation of the 
silver sulphide then taken from the surfaces (Fig. 6).
Figure 4: EDS microanalysis of sample AM1.
Figure 4 : Micro-analyse EDS de l’échantillon A1.
Figure 5: X-ray EDS spectrum of sample AM1. 
Figure 5 : Spectre de rayons X par EDS de l’échantillon AM1.
Figure 6: EDS microanalysis of sample BM3.
Figure 6 : Micro-analyse EDS de l’échantillon BM3.
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Table 2 presents the composition (in terms of weight per-
cent) of all the elements present, showing the presence of 
iron in noticeable quantity, and thus attesting the formation 
of a red colour ferric product (oxide).
4. CONCLUSION
he processes efected on the two samples analysed pro-
duced a red colour similar to that of the natural patina, but 
which is however diferent, due to the lack of signiicant 
alterations to the golden alloy underneath the iron oxide. 
his type of artiicial patinas can therefore be revealed by 
analytical methods.
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Table 1: Composition of sample AM1; concentrations are given in wt%. 
Tableau 1 : Composition de l’échantillon AM1 ; concentrations en %.
Table 2: Composition of sample BM3; concentrations are given in wt%.
Tableau 2 : Composition de l’échantillon BM3 ; concentrations en %.
Area C O Na Mg Al Si K Ca Fe Cu Ag Au
1 0.54 3.50 95.95
2 30.11 11.18 0.08 0.19 0.21 0.5 0.18 0.78 0.31 0.54 1.88 53.90
3 40.79 13.13 0.21 0.19 0.48 1.5 0.29 1.81 0.39 0.43 1.26 39.05
4 8.75 23.21 0.18 1.01 1.15 2.64 0.15 0.28 0.95 0.49 2.14 58.23
Spectrum C N O Na Cl K Fe Cu Ag Au
1 7.84 2.73 2.91 0.63 1.51 2.97 81.40
2 15.36 13.35 4.58 1.76 2.63 62.33
3 29.13 10.13 0.5 0.77 0.53 1.69 0.87 2.04 54.34
4 15.20 11.03 0.3 3.18 1.69 2.27 66.33
5 9.42 6.84 1.74 1.75 2.61 77.64
6 8.88 3.18 11.27 3.08 1.47 2.58 69.54
